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Abstract. Ethanol derived from woody biomass has the potential to be a renewable 
transportation fuel than can replace gasoline. The paper presents the bioconversion of 
woody biomass to ethanol, pretreatment of the material prior to acid hydrolysis is important 
to obtain high overall yield of sugar and ethanol. In this study, steam explosion pretreatment, 
two step hydrolysis process and fermentation has been investigated.   
 




Lignocellulosic biomass can be renewable sources for bioethanol 
production; witch may contribution to greenhouse gas reduction targets, also 
replacing fossil fuels and reduces CO2 emission. Lignocellulosic biomass such as 
agricultural, forest products and their residue are renewable resources of energy [1, 
2]. Wood is the most abundant source of lignocellulosic biomass. Woody biomass 
consists of cellulose, hemicellulose and lignin. The cellulose and hemicellulose 
fractions of wood can be acid or enzymatic hydrolyzed to hexoses and pentoses, 
after pre-treatment methods for fractionation of biomass components. Bioethanol 
can be obtained from woody biomass using pretreatments methods, followed by acid 
or enzymatic hydrolysis and fermentation [3].  
The purpose of this paper is to obtain bioethanol from wood using a steam-
explosion pre-treatment method, two step acid hydrolysis using sulfuric acid as 
catalyst and fermentation of the sugar into ethanol. Pretreatments methods are used 
for separation of cellulose from hemicellulose and remove of lignin from system. 
The pretreatments methods used for woody biomass are: dilute acid, steam 
explosion, organosolv and sulfite pretreatment [4, 5]. Previous studies have 
demonstrated that use of H2SO4 as catalyst prior to steam explosion helps to open up 
the structure of the lignocellulosic biomass and improves acid hydrolysis [6, 7].  
Cellulose can be hydrolyzed to glucose and hemicellulose can be 
hydrolyzed to hexoze (glucose, galactose, and mannose) and pentose (xylose and 
arabinose) [8]. Steam explosion pre-treatment is most successful method in 
separating sugar fractions of lignocellulosic material. In steam explosion pre-
treatment woody biomass is exposed to pressurized steam followed by rapid 
reduction pressure. The factors that affect steam explosion are: temperature, 
residence time, chip size, moisture content and catalyst [9].  
In the present work, steam explosion pretreatment of the fir wood Albies 
Alba chips was studies. The bioconversion by acid hydrolysis of the cellulose 
fraction into glucose and fermentation into ethanol of the pretreated material was 
studied.   
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MATERIAL AND METHOD 
 
The raw material used in the experiments was fir wood chips (Albies alba), 
2 -10 mm size. The fresh raw material was air-dries during 10 days before to use 
11% (w/w) moisture, and stored in plastic bags at 4°C. The moisture content of raw 
material was determined by the weight loss after drying (105°C, 12 h). 
Determination of ash in fir has expressed as the percentage of residue remaining 
after dry oxidation of raw material at 590°C. Extractives were analyzed by extracted 
by using one step extraction process which includes ethanol an extractive solvent. 
The experimental procedure employed for bioethanol production from woody 
biomass is show schematically in Figure 1. 
 
Fig. 1. Schematic presentation of the procedure for bioethanol production from woody 
biomass 
  
Steam explosion pretreatment was carried out in a 1L Parr reactor loaded 
with 50 g of fir wood chips and 350 ml water containing sulfuric acid as catalyst (pH 
2) at saturated steam temperature of 190 °C for a residence time of 15 min. The 
reactor was rapidly depressurized and exploded material was recovery after cooling. 
The pretreated material was obtained by filtration into solid and liquid fraction. The 
solid fraction (containing cellulose) is hydrolyzed in two-step acid hydrolysis for the 
separate of hemicellulose and cellulose fractions presents in woody biomass. Liquid 
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fraction (contains most part of the hemicellulose and lignin) is fermented for 
bioethanol production. Two step sulfuric acid hydrolysis processes was used for 
hydrolysis of remaining hemicellulose and cellulose into sugar components. The 
first step for hemicellulose hydrolysis was performed using 2% H2SO4 at 130°C for 
60 min. while the second step for cellulose hydrolysis was performed using 15% 
H2SO4 at 130°C for 90 min. After the hydrolysis process, liquid fractions are 
separated from unreacted solids and subjected to fermentation to bioethanol. The 
amount of acid used for cellulosic fraction hydrolysis was 38 g of sulfuric acid to 2 
grams of dry solid.  
The fermentation was carried out using Saccharomyces cerevisiae, witch 
ferments glucose and mannose, but not pentoses. Fermentation consists of: filtrate, 
nutrients and inoculum (an aqueous suspension of yeast). Before fermentation all 
hydrolysates were adjusted to pH 5.5 using NaOH 20%. The hydrolysate sample 
(510 ml) was mixed with 14.16 ml of a nutrient solution (consisting of 0.5 g/L yeast 
extract, 0.5 g/L (NH4)2HPO4, 0.025 g/L MgSO4.7H2O, 0,1 M NaH2PO4 and 1 g/L 
yeast extract and 28.33 mL of the inoculum. The fermentation vessels were 
equipped with magnetc stirre bars and sealed with rubber stoppers with cannulas for 
outlet of CO2. The fermentation was performed at 30°C for 72 h.  
The ethanol concentration was determined by gas chromatograph (Agilent 
technologies, 6890N GC) coupled with mass spectrometer (Agilent technologies, 
5973N MSD) (Table 1). Headspace using a FID detector and a column HPS-5MS of 
30m length0.25mm I.D.0.25µm HP-3 MS film thickness. The carrier gas was 
helium at constant flow rate of 1.2 mL min-1.  
Table 1 
GC column temperature program 
Step Ramp. °C/min Temperature, °C Holding time, min 
1 10 35 3 
2 0 150 1 
3 3 230 18 
 
RESULTS AND DISCUSSION 
 
The chemical composition of Albies alba, the raw material used in this 
study, is presented in Table 2. Determination of the initial composition of wood was 
made by the gravimetric method, the method of Yoshikuni Teramoto et al. [10]. By 
this method, the content of holocellulose and Klason lignin are determined. 
Holocellulose content was determined as the NaClO2–delignified residue. The dry 
basis content of holocellulose, α-cellulose and Klason lignin in the original materials 
were calculated using their respective weight.   
Table 2 
Composition of fir wood (procent of dry material) 
Carbohydrates 
           Cellulose                                                              43 
           Hemicellulose                                                      21 
           Lignin                                                                  26 
Ash                                                                                 1.16 
Extractives                                                                     1.11 
Others                                                                            7.73 
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Temperature and resistance time of pretreatment of fir wood was selected 
according to other studies [9]. Temperature and steam cause the breaking of the 
chemical bonds between the macromolecules that constitutes the wood.  
In generally, a high temperature is accompanied by a short-time resistance 
[7]. Figure 2 shows the dependence of temperature and pressure as function of 
residence time of fir wood impregnated with acid in the steam-explosion 













Fig. 2. Experimental design of the steam-explosion pretreatment step 
 
Hemicellulose is readily hydrolyzed by dilute acids under moderate 
conditions, while cellulose is hydrolyzed with concentrated acids in extreme 
conditions. However, in a low concentrated acid process, the reaction should be 
carried out at high temperature. Hydrolysis in two stages of impregnation with dilute 
acid occurred at the same temperature (130°C) but at different concentrations of 
acids. Due to the different concentration of acid, hemicellulose hydrolysis process 
favored in the first stage, followed by hydrolysis of cellulose in the second stage of 
acid hydrolysis. The solid fraction contains mainly cellulose and lignin. The first 
stage is conducted under mild conditions to recover the 5-carbon sugars while the 
second stage is conducted to recover 6-carbon sugars. Hemicelluloses hydrolysis 
produces both hexose and pentose sugars: mannose, galactose, xylose and arabinose, 
while the hydrolysis of cellulose is formed only glucose.  
Acid hydrolysis could be affected by the residual lignin in the substrate, 
depending on its amount, but hydrolyzability is not proportional to lignin content. 
The fermentation method uses three steps: the formation of a solution of fermentable 
sugars, the fermentation of sugars to bioethanol and separation and purification of 
the ethanol, usually by distillation. Glucose, galactose and mannose (six carbon 
sugars) can be easy fermented to ethanol by yeasts, but xilose and arabinose (five 
carbon sugars) can be fermented to ethanol by few native strains. The bioehanol 
yield in this study is mainly based on the hexose content. Theoretically, 100 grams 
of glucose will produce 51.4 g of bioethanol and 48.8 g of carbon dioxide. 
Ethanol quantification was performed by external calibration where a series 
of standard solutions between 0.1% and 3.4% v/v of ethanol. The theoretical ethanol 
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production was calculated based on conversion of the entire glucose in the process 
including glucose from cellulose and hemicellulose.  
Theoretical ethanol production = TSC∗ × 0.51 + TSH∗ × 0.5                (1) 
TSC∗ = Total sugar from cellulose (after pre-treatment and two step acid 
hydrolysis) (g/100 g raw material); TSH* = Total sugar from hemicellulose (after 
pre-treatment) (g/100 g raw material); Ethanol concentration measurement on GC-




Steam-explosion pretratemnt was used for pretreatment of fir wood chips. A 
two-step hydrolysis process incorporating a low-temperature, dilute acid step, 
followed by a low-temperature, high-acid hydrolysis step, was studied for the 
conversion of wood.  Bioethanol was obtained from woody biomass by steam-
explosion pretreatment, two step acid hydrolysis followed by the fermentation of the 
obtained sugar. Cost-effective production of sugar from cellulose and hemicellulosic 
material present in wood throught acid hydrolysis is dependent on the concentration 
of acid and on the temperature.  
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